The stress-strain curve for banana fibre is determined. Properties such as the initial modulus (YM), ultimate tensile strength (UTS) and percentage elongation are evaluated as a function of fibre diameter, test length and speed of testing. It is found that YM, UTS and % elongation show little variation in their values for fibres of diameter ranging from 50 to 250/~m. The UTS and breaking strain are found to decrease with an increase in the test length while both breaking strength and breaking strain remain constant with the increase of speed of testing from 0.5 to 100 x 10 -3 m and thereafter they both decrease. These observed properties are explained on the basis of the internal structure of the fibre, namely, the number of cells, spiral angle and the number of defects. Scanning electron microscopic (SEM) studies of the fractured surfaces of these fibres indiacte that the failure is due to pull-out of microfibrils accompanied by tearing of cell walls; the tendency for fibre pull-out seems to decrease with increasing speed of testing.
I ntroduction
Although natural fibres like coir and banana fibres have relatively poor mechanical properties, they are renewable resources and have a low density. In India about 1.5M acres of land is cultivated with banana plantations which yield about 3 x 10Stons of fibre [1] . In Kerala, banana fibres are usually extracted manually from pseudo-stems by scraping the pithy material with a wooden scraper. Fibres are then washed in water and hung in the shade to dry. Since only a small quantity of fibres is available (1 to 2% wet weight per plant), it poses a problem in the commercial production of this fibre and a large quantity of this renewable fibre resource is being under-utilized. Presently, banana fibres are used for the preparation of hand bags, ropes, table mats and fancy goods. One of the reasons for the under-utilization of these fibres is the lack of scientific data on these fibres, except for the information available on the chemical constituents of these fibres [2, 3] . Although some scattered data is available on the physical proper-*Presently, Director, Regional Research Laboratory, PAtopal,
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0022--2461 ties, including the spiral angle of banana fibres [4] [5] [6] [7] [8] [9] there is no information on the variation in properties of banana fibres with test speed and with size and length of fibres. Systematic evaluation of such data may add to the understanding of the relation between the structure and properties of the fibre and also open up new avenues for their better utilization. In this paper the mechanical properties of banana fibre, such as initial modulus, UTS and breaking strain, are reported as functions of the fibre diameter, test length and speed of testing. Structural studies using optical and scanning electron microscopy (SEM) of the fibres before and after testing are also reported and related to the observed properties.
Experimental details
The banana fibres used in the present investigation were received from Veeranakkalu (southern part of Kerala) near Trivandrum, India. Fibres of various diameters (ranging from 50 to 250pm) MP.
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were sorted out using a light microscope. The fibres were conditioned before testing for about 4 h at r.h. (relative humidity) 65-+ 5% at room temperature. They were then weighed in a Mettler balance to determine the average fineness in terms of denier. The fibres were then mounted on cardboard with a central window and tested in an Instron Testing Machine for their tensile properties. Tests were carried out on fibres of 200gin diameter, subjected to various test speeds ranging from 0.5 to 500 x 1 0 -3 m m i n -1 and sample test lengths ranging from 10 to 300 x 10-3m. The optical microscope was used to understand the structure of the fibre, while fractured fibre samples were examined under a JEOL scanning electron microscope after suitable preparation to study the fracture mode.
X-ray diffraction patterns of fibres were recorded on flat films by the Laue transmission technique, using CuKa radiation. The fibre axis was always kept perpendicular to the incident X-ray beam. The sample to film distance was varied from 40 to 55 x 10-3m. In order to determine the microfibrillar angle, intensity distributions along the diffraction arcs were measured using a CarlZeiss microdensitometer with a circular specimen stage. The angles were determined by the method given by Preston [10]. Fig. 1 shows that the banana fibre is a multicellular fibre like coir and other vegetable fibres. The structural details of a vegetable fibre are explained elsewhere [11, 12] . In short, the banana fibre is found to consist of four kinds of cells, namely, xylem, phloem, schlerenchyma and parenchyma arranged in a particular fashion. The shape of the cells vary from circular to polygonal with rounded corners or circular to elliptic. Table I lists can be seen that the fraction of strength rendering cells to the total number of ceils almost remain constant for the fibres of a diameter in the range of 100 to 200/~m. The cells have a diameter of 18 to 30/1m, and a mean length of 2.7 to 5.5mm with a lid ratio of 150 in contrast to a cell diameter of 13 to 14;tm and lid ratio of 35 in the case of coir [ 11 ] . The cell wall of the banana fibre appears to be thinner (1.25pro) and much more uniform in comparison to coir fibre [12] where cell walls are thin to fairly thick (about 8 ~m).
Results

O p t i c a l m i c r o s c o p y
X-ray study
As in the case of other vegetable fibres, the crystalline cellulose in banana fibre is arranged in the form of a helix at an angle of 11 to 12 ~ for fibres of diameter 100 to 200/~m in contrast to coir fibre where the spiral angle was found to vary from 40 to 47 ~ for a fibre diameter 100 to 500/~m [11] .
3.3. Stress-strain curve of banana fibres Fig. 2 shows a typical stress-strain curve of a banana fibre of diameter 200/am tested in tension at a test speed of 500/~mmin -1. This is characterized by a straight line portion (the slope of which may be taken as the initial modulus), followed by 
